
S E N S I T I V I T Y  O F  T H E  C E N T R A L  N U C L E I  O F  

N E R V E  TO I N S U L I N  D E F I C I E N C Y  IN R A T S  

( E N Z Y M E - H I S T O C  HE M I C A  L S T U D Y )  

I .  G. A k m a e v ,  A .  E .  R a b k i n a ,  
a n d  O. V.  F i d e l i n a  

T H E  V A G U S  

UDC 616.379: 008.64-092.9-07: 616.833.191-018.13 

The d i s t r ibu t ion  and ac t iv i ty  of a c e t y l c h o l i n e s t e r a s e  (ACHE) in the c e n t r a l  nuclei  of the 
vagus nerve  (nucleus d o r s a l i s  and nucleus ambiguus) were  inves t iga ted  by G o m o r i ' s  
(1952) h i s tochemica l  method in sexua l ly  mature  male  r a t s ,  in tact  or  with expe r imen ta l  
a l loxan d iabe tes .  The number  of ce l l s  with high AChE ac t iv i ty  in nucleus d o r s a l i s  was 
i nc r ea sed  by 6% in the r a t s  with a l loxan d iabetes .  The r e su l t s  suggest  a ro te  of the d o r s a l  
nucleus of the vagus nerve  in the regula t ion  of panc rea t i c  endocr ine  function. 
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The vagus nerve is r e p r e s e n t e d  in the CNS (at the level  of the medulla) by two nuclei  - nucleus d o r s a l i s  
and nucleus ambiguus.  In a previous  study [1] the authors  demons t ra ted  the sens i t iv i ty  of neurons of the 
d o r s a l  nucleus of the vagus to insul in  def ic iency.  A k a r y o m e t r i c  method was used to inves t iga te  ra t s  with 
expe r imen ta l  a l loxan diabetes .  Because  of the s m a l l  number  of neurons which it conta ins ,  the nucleus ambiguus 
could not be s tudied by this method. This pape r  desc r ibed  a fu r the r  inves t iga t ion  of the sens i t iv i ty  of the cen-  
t r a l  nuclei  of the vagus to insul in  def ic iency in the animal .  The reac t ion  of the spec i f ic  enzyme for eho l ine rg ic  
s t r u c t u r e s ,  a c e t y l c h o l i n e s t e r a s e ,  was used as the tes t .  Rats with expe r imen ta l  a l loxan d iabetes  were  used as 
a b io logica l  model  r ep roduc ing  insul in def ic iency.  

E X P E R I M E N T A L  M E T H O D *  

Exper imen t s  were  c a r r i e d  out on noninbred male  ra t s  weighing 150-180 g. Alloxan was injected i n t r a -  
m u s c u l a r l y  in a dose of 15-20 mg/kg  body weight as a 5% aqueous solution. Throughout the expe r imen t  the 
g lucose  concent ra t ion  in the ur ine  of the e x p e r i m e n t a l  an imals  was moni tored  by means of Glucose Tes t  
ind ica tor  paper .  The ef fec t iveness  of the a l toxan in jec t ion  was judged f rom the blood g lucose  concent ra t ion  
m e a s u r e d  by the or thotoluidine  method at the t ime of s a c r i f i c e  of the an imals .  The an imals  were  ki l led 1.5-2 
months a f t e r  inject ion of the al loxan.  The blood glucose  concent ra t ion  in the expe r imen ta l  r a t s  va r i ed  f rom 
237 to 540 mg%. Intact male  ra ts  of the s a m e  weight group, kept under  s i m i l a r  condit ions on a s tandard  diet ,  
s e rved  as the control .  A l toge the r  22 r a t s  with d iabetes  and 14 intact  r a t s  were  used. 

T i s s u e  s amp le s  taken f rom the reg ion  of the medul la  f rom 9-12 expe r imen ta l  and cont ro l  r a t s  were  
mounted with so l id  CO 2 in a s ingle  block,  f rom which f ronta l  sec t ions  (12 ~) were  cut on a c ryos t a t .  The r e a c -  
t ion for a c e t y l c h o l i n e s t e r a s e  was c a r r i e d  out by G o m o r i ' s  method [2] at 37~ on unfixed sec t ions  for 2 h at pH 
6.0. To inhibit  nonspecif ic  c h o l i n e s t e r a s e  some of the sec t ions  were  kept for 30 min in a solut ion of d i - i s o -  
propyl f luorophosphate  (DFP) in a concent ra t ion  of 10 -6 M before  incubation. Af te r  incubat ion the sec t ions  were  
t r e a t e d  with ammonium sulf ide ,  fixed with 10% neu t ra l  fo rmal in ,  and mounted in ba l sam.  

E X P E R I M E N T A L  R E S U L T S  

In sec t ions  through the medul la  obtained f rom the region of the cen t r a l  nuclei  of the vagus (Fig.  1) a t t en -  
t ion was concent ra ted  on the ac t iv i ty  and c h a r a c t e r  of d i s t r ibu t ion  of a c e t y l c h o l i n e s t e r a s e  (ACHE) in th ree  
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Fig. 1. Acetylchol ines terase  in rat  medulla at level 
of central  nuclei of vagus nerve.  ND) Dorsal  nucleus 
of vagus,  NA) nucleus ambiguus, NH) nucleus of hypo- 
glossal  nerve,  13 • 

Fig. 2. Distribution of ace ty lchol ines terase :  a: ND) dorsal  nucleus of vagus nerve,  37 x; 
NH) nucleus of hypoglossal  nerve,  37x ; b) nueIeus ambiguus,  9 5 x .  

groups of motoneurons localized in the region of nucleus dorsalis  (ND) and nucleus ambiguus (NA) of the vagus 
nerve and the nucleus of the hypoglossal nerve (NH). 

In the region of ND the enzyme was distributed intraeel tularIy,  uniformly throughout the cytoplasm of the 
neurons;  its activity was est imated f rom the intensity of the staining reaction,  which var ied  f rom moderate  to 
ve ry  high (Fig. 2a). Not only the celI bodies were stained, but also the p rocesses  leading f rom them. Ceils 
with hardly detectable AChE activity also were found. 

In the region of NA activity of the enzyme was high: AChE was detected intraeel lular ly  but, by contras t  
with ND, it was distributed i r r egu la r ly  throughout the cytoplasm of the motoneurons,  chiefly at the per iphery  
of the cells.  The main difference was that the neuropil  in NA was intensively stained, evidence that it contains 
enzyme with high activity (Fig. 2b). The intensively stained neuropil merged with the stained per iphery  of the 
cel ls ,  so that it was difficult to distinguish the intraeel lular  enzyme individually in the motoneurons of NA and 
to est imate  the level of its activity. 

In the region of NH, the AChE activity was lower than in NA. Moreover ,  the intensively stained neuropil  
did not merge  with the weakly stained per iphery  of the cells,  a fact which distinguished this nucleus f rom the 
previous one in its external appearance.  

AChE also was detected in the endothelium of the blood vesse ls .  After the use of DFP in a concentration 
of 10 -~ M, the react ion for AChE in the capi l lar ies  still remained visible (from just detectable to moderate).  

Nonspecific chol ines terase  (NChE) was detected mainly in the cytoplasm of the ceils in ND and in the 
capi l lary endothelium. After DFP, no reac t ion  for NChE could be found in the capi l lar ies .  

1781 



TABLE 1. Number of Nerve Cel ls  wRh 
Pos i t ive  Reac t ion  for  Ace ty l cho l ine s -  
t e r a s e  in Dor sa l  Nucleus of Vagus Nerve  
of Intact  and Expe r imen ta l  Rats ,  % of 
Tota l  Number of Cel ls  (M • In) 

Index P 

Cells with negative and 
weak reaction 

Cells with moderate re- 
action 

Cells with strong reac- 
tion 

Control Diabetes 
(5) (11) 

52+1,2 53+1,5 

29+1,4 22___+0,9 

19+I,5 25+1,3 

m 

~0,01 

<0,01 

Legend. Number of an imals  inves t iga ted  
shown in pa r e n t he s e s .  

In ra t s  with a l loxan diabetes  AChE ac t iv i ty  in the region  of NA did not d i f fer  app rec i ab ly  f rom the intact  
cont ro l ;  meanwhile ,  in the region  of ND a d i f ference  was found in the c h o l i n e s t e r a s e  ac t iv i ty  of the motoneurons 
in the cont ro l  and e x p e r i m e n t a l  an imals .  F o r  quanti ta t ive a s s e s s m e n t  of v i s ib le  d i f f e rences ,  t h r ee  groups of 
ce l l s  were  counted in sect ions  s ta ined with a lum ca rmine .  Group 1 cons i s ted  of ce l l s  with a negat ive  or  weak 
reac t ion ,  group 2 of ce l l s  with a modera t e  r eac t ion ,  and group 3 of ce l l s  with a s t rong reac t ion .  The counting 
was c a r r i e d  out on th ree  consecu t ive  sec t ions  taken f rom the s ame  level  of the medul la  (where the nucleus 
under inves t iga t ion  was most  c l e a r l y  r ep r e sen t e d ) .  The total  number  of ce l l s  in each an imal  was taken as 100%. 
The number  of ce l l s  in each group was de t e rmined  as a pe rcen tage  of the to ta l  number  of ce l l s .  The r e su l t s  
of the counting a r e  given in Table  1. In r a t s  with a l loxan diabetes  the number  of nerve  ce l l s  with a modera t e  
r eac t ion  was 7% lower  whereas  the number  of nerve  ce l l s  with high act iv i ty  was 6% g r e a t e r .  

The r e su l t s  c o r r e l a t e  with those of the prev ious  inves t iga t ion  [1], in which s t a t i s t i c a l l y  s ignif icant  changes 
in the s ize  of the ce l l  nuclei  were  found by a k a r y o m e t r i c  method in ND of r a t s  with e x p e r i m e n t a l  a l loxan 
d iabetes .  

The r e su l t s  of the p r e sen t  inves t iga t ion  conf i rm the e a r l i e r  hypothesis  r e g a r d i n g  the ro le  of cho l inerg io  
e f fe ren t  f ibers  a r i s i n g  f rom the d o r s a l  nucleus of the vagus in the nervous  regula t ion  of the endocr ine  function 
of the panc reas .  In view of the r ich  chol inerg ic  innervat ion  of the other  c e n t r a l  nucleus of the vagus,  NA, the 
spec i f ic  d i s t r ibu t ion  of the enzyme in its motoneurons ,  and the abundance of the enzyme in the  neuropi l ,  it  was 
imposs ib l e  in this  inves t iga t ion  to de t e rmine  the re la t ionsh ip  of its motoneurons  to this  endocr ine  function on 
the bas i s  of i n t r a c e t l u l a r  AChE act ivi ty .  To c l a r i f y  this  p r o b l e m  fur ther  inves t iga t ions  a r e  needed,  including 
in p a r t i c u l a r  an u l t r a s t r u c t u r a l  ana lys i s  of the nerve  ce l l s  of NA under analogous e x p e r i m e n t a l  condit ions.  
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